
REFEREPJCB COPY 
Not  Remove from the Library 

U. S. Fish and Wildl i fe Service 

Wetlands Research Center TR EL.82.4 ~iological Report 82 (11- 
March 1985 700 Cajun Dome Boulevard . - - 

Lafoyette, Louisiana 70506 

Species Profiles: Life Histories and 
Environmental Requirements of Coastal Fishes 
and Invertebrates (Pacific Southwest) 

BLACK, GREEN, AND RED ABALONES 

Fish and Wildlife Service 
Coastal Ecology Group 

Waterways Experiment Station 

U.S. Department of the Interior U.S. Army Corps of Engineers 



T h i s  i s  one o f  t h e  f i r s t  r e p o r t s  t o  be p u b l i s h e d  i n  t h e  new " B i o l o g i c a l  
R e p o r t "  s e r i e s .  T h i s  t e c h n i c a l  r e p o r t  s e r i e s ,  p u b l i s h e d  by  t h e  Research  
and Clevelopment b r a n c h  o f  t h e  U.S. F i s h  and W i l d l i f e  S e r v i c e ,  r e p l a c e s  
t h e  "FWS/OBS1' s e r i e s  pub1 i s h e d  f r o m  1976 t o  September 1984. The B i o l o g -  
i c a l  R e p o r t  s e r i e s  i s  d e s i g n e d  f o r  t h e  r a p i d  p u b l i c a t i o n  o f  r e p o r t s  w i t h  
an a p p l i c a t i o n  o r i e n t a t i o n ,  and i t  c o n t i n u e s  t h e  f o c u s  o f  t h e  FWS/OBS 
s e r i e s  on r e s o u r c e  management i s s u e s  and f i s h  and w i l d l i f e  needs.  



B i o l o g i c a l  Repor t  82(11. 32) 
TR EL-82-4 
March 1985 

Species P r o f  i 1 es: L i f e  H i  s t o r i e s  and Envi ronmental  Requirements 
o f  Coasta l  F ishes and I n v e r t e b r a t e s  ( P a c i f i c  Southwest) 

BLACK, GREEN, AND RED ABALONES 

J e r a l d  S. A u l t  
Coopera t i ve  I n s t i t u t e  f o r  Mar ine and Atmospheric S tud ies  

4600 Rickenbacker Causeway 
Miami , FL 33149 

P r o j e c t  Manager 
L a r r y  Shanks 

P r o j e c t  O f f i c e r  
John Parsons 

Na t i ona l  Coasta l  Ecosystems Team 
U.S. F i s h  and W i l d l i f e  Serv ice  

1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

Performed f o r  

Coasta l  Ecology Group 
Waterways Experiment S t a t i o n  
U. S.  A r m y  Corps o f  Engineers 

Vicksburg,  MS 39180 

and 

Na t i ona l  Coasta l  Ecosystems Team 
D i v i s i o n  o f  B i o l o g i c a l  Serv ices  

Research and Development 
F i s h  and W i l d l i f e  Se rv i ce  

U.S. Department o f  t h e  I n t e r i o r  
Washington, DC 20240 



This se r i es  should be referenced as fo l lows:  

U.S. F i sh  and W i l d l i f e  Service. 1983-19 . Species p r o f i l e s :  l i f e  h i s t o r i e s  
and environmental requirements o f  c o a s t a l  f i shes  and inver tebra tes .  U. S. F i sh  
W i l d l .  Serv. B i o l .  Rep. 82(11). U. S. Army Corps o f  Engineers, TR EL-82-4. 

This p r o f i l e  should be c i t e d  as fo l lows:  

Aul t, Jera ld  S. 1985. Species p r o f i l e s :  1 i f e  h i s t o r i e s  and environmental 
requirements o f  coasta l  f ishes and inver tebra tes  (Pac i f i c  Southwest)--black, 
green, and red  abalones. U.S. F i sh  W i l d l .  Serv. B i o l .  Rep. 82(11.32) U.S. 
Army Corps o f  Engineers, TR EL-82-4. 19 PP. 



PREFACE 

Th is  spec ies p r o f i l e  i s  one o f  a s e r i e s  on coas ta l  a q u a t i c  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spo r t ,  commerci a1 , o r  eco l  og i c a l  importance. The p r o f i l  es 
a r e  designed t o  p rov i de  coas ta l  managers, engineers,  and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental  r e q u i r e -  
ments o f  t h e  spec ies and t o  d e s c r i b e  how popu la t i ons  o f  t h e  spec ies may be 
e v e c t e d  t o  r e a c t  t o  env i ronmenta l  changes caused by coas ta l  devel opment. Each 
p r o f i l e  has sec t i ons  on taxonomy, 1 i f e  h i s t o r y ,  e c o l o g i c a l  r o l e ,  env i ronmenta l  
requi rements,  and economic impor tance,  i f  appl i c a b l  e. A t h r e e - r i n g  b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as they  a re  prepared. Th i s  
p r o j e c t  i s  j o i n t l y  planned and f inanced  by t h e  U.S. Army Corps o f  Engineers and 
t h e  U.S. F i sh  and W i l d l i f e  Serv ice.  

Suggest ions o r  ques t i ons  r e g a r d i n g  t h i s  r e p o r t  should be d i r e c t e d  t o  one 
o f  t h e  f o l l o w i n g  addresses. 

I n f o r m a t i o n  T r a n s f e r  Specia l  i s  t 
Na t i ona l  Coastal  Ecosys tems Team 
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NASA-Sl i d e l  1 Computer Compl ex 
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Sl i d e l  1 , LA 70458 

U.S. Army Engineer Waterways Experiment S t a t i o n  
A t t e n t i o n :  WESER-C 
Pos t  O f f i c e  Box 631 
Vicksburg, MS 39180 



CONVERSION TABLE 

M e t r i c  t o  U.S. Customary 

Mu1 t i p l y  !ti To Ob ta i n  

m i l  1  ime te r s  ( m n )  
cen t ime te r s  (an) 
meters  (m) 
k i  1 m e t e r s  ( km) 

square me te r s  (mL) 10.76 
square k i  1  m e t e r s  (km2) 0.3861 
hec ta res  (ha)  2.4 7  1 

inches  
inches 
f e e t  
m i l  es 

square f e e t  
square m i l e s  
acres 

l i t e r s  ( 1 )  
c u b i c  me te r s  (m3) 
c u b i c  meters  

0.2642 gal 1  ons 
35.31 c u b i c  f e e t  

0.0008110 a c r e - f e e t  

m i l  1  igrams [mg) 0.00003527 ounces 
grams ( g )  0.03527 ounces 
k i l  ograms ( k g )  2.205 pounds 
m e t r i c  tons ( t )  2205.0 pounds 
m e t r i c  tons 1.102 s h o r t  tons  
k i  1  oca l  o r i e s  ( kca l  ) 3.968 B r i t i s h  thermal u n i t s  

Cel s i u s  degrees 1 . 8 ( " ~ )  + 32 Fahrenhe i t  degrees 

U.S. Customary t o  M e t r i c  

inches  2 5.40 
inches 2.54 
f e e t  ( f  t )  0.3048 
f a  thoms 1.829 
m i l e s  ( m i )  1.609 
n a u t i c a l  m i l e s  ( m i )  1.852 

square f e e t  ( f t 2 )  
acres 2 
square m i l e s  (mi ) 

ga l  1  ons ( g a l  ) 3.785 
c u b i c  f e e t  ( f t 3 )  0.02831 
acre-  f e e t  1233.0 

ounces ( o z )  28.35 
pounds ( I b )  0.4536 
s h o r t  t ons  ( t o n )  0.9072 
B r i t i s h  thermal u n i t s  ( B t u )  0.2520 

m i l  1  imete rs  
cen t imete rs  
meters  
meters  
k i l  ometers 
k i  1  ometers 

square meters  
hec ta res  
square k i l o m e t e r s  

l i t e r s  
c u b i c  mete rs  
cub i c  meters  

grams 
k i  1  og rams 
m e t r i c  tons 
k i  1  oca l  o r i  es 

Fahrenhe i t  degrees 0.5556("F - 32) Ce l s i us  degrees 
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BLACK, GREEN, AND RED ABALONES 

Scientific name . . . . . . Haliotis 
cracherodii Leach 

Preferred comon name . Black abalone 

Scientific name . . . . . . Haliotis 
fulgens Philippi 

Preferred common name . Green abalone 

Scientificname.. . . . Haliotis 
rufescens Swainson 

Preferred common name . . Red abalone 

Class . . . . . . . . . . Gastropoda 
Order . . . . . . . Archaeogastropoda 
Family . . . . . . . . . . Haliotidae 

REASONS FOR INCLUSION IN THE SERIES 

All abalones belong to the genus 
Haliotis sensu latu, family Halio- 
tidae. The 75 species known worldwide 
(Booloot ian et, al. 1962) are anatomi- 
cally similar and all are adapted for 
attachment to hard substrates. Seven 
species are widely distributed along 
the coast of California (Cox 1962; 
Mottet 19781, of which several are 
important in the comercial and sport 
fisheries of the Pacific Southwest. 
(See Figure 1 for shell character- 
istics.) 

GEOGRAPHIC RANGE: 

Black abalone ranges along the 
Pacific coast from San Francisco Bay, 
Cal ifornia, to Bahia Santa Maria, Baja 
California Sur, Mexico, including the 
Coronado, Guadalupe, and all the 

Channel Islands. Generally, it is 
comon to the south and rare to the 
north of Point Lobos (Figure 2). 

The green abalone ranges from Point 
Concept ion to Bahia Magdalena, Baja 
California Sur, Mexico (Leighton et 
al. 19811, including the California 
localities of San Clemente, Santa 
Catal ina, Santa Barbara, Anacapa, and 
Coronado Is1 ands. 

The red abalone ranges from Sunset 
Bay, Oregon, to Bahia San Bartolome, 
Baja Cal ifornia (29 N Lat. 1, including 
the Farallon and Channel Islands (Cox 
1962; Leighton 1968). It is rare 
north of She1 ter Cove, California. 

MORPHOLOGY AND ICIENTIF ICATION AIDS 

Bl ack Abal one 

The shell of the black abalone is 
comparatively deep and oval, its 
average shell length is about 115 mm 
(maximum 215 mm). The shell exterior 
is dark blue, black, or greenish black, 
usually smooth, and supports few or no 
encrusting organisms. Its round res- 
piratory apertures (pores), which are 
flush with the shell surface, are about 
3 mm in diameter. Usually five to nine 
pores are open at any one t ime, but in 
specimens from Baja Cal ifornia and 
Guadalupe Island, 11 to 14 pores may 
be open. The interior shell pigmenta- 
tion is cream to silver pearl with 
pink and green iridescence. A colu- 
mellar muscle scar is lacking. The 
outer edge of the 'she1 1 protrudes over 
a nacreous surface forming a narrow, 
dark blue-black rim. 



I \Respiratory Apertures. 

F i g u r e  1.  S h e l l s  o f  t h e  b l a c k ,  green,  and r e d  aba lones .  Leng th  measurement 
t y p i c a l  s h e l l  i s  shown i n  l ower  l e f t .  



, 

\ 

\ 

\ 

\ 

CALI FORNIA \ 
\ 
\ 

LOS ANGELES 

MILES 
0 50 100 150 - 

0 50 100 150 200 
KILOMETERS 

. -- -_ 
F i g u r e  2. Coasta l  d i s t r i b u t i o n  o f  t h e  b lack ,  green, and r e d  abalones 
i n  C a l i f o r n i a .  



The ep ipod ium ( d o r s a l  r i m  o f  t h e  t h e  p a r t i c u l a r  brown a l g a e  b e i n g  con- 
f o o t )  i s  smooth and b lack .  I t s  upper sumed ( L e i g h t o n  1961; Olsen 1968a,b). 
edge i s  s c a l l o p e d  and bears  s h o r t ,  The s h e l l  i s  o f t e n  overgrown b y  
s l e n d e r  t e n t a c l e s  t h a t  somet imes sess i 1e organisms t h a t  a r e  common t o  
p r o t r u d e  s l  i g h t l y  beyond t h e  edge o f  t h e  area. The s h e l l  i n t e r i o r  i s  smooth 
t h e  s h e l l .  and b r i l l i a n t l y  i r i d e s c e n t  w i t h  deep 

green and b l u e  shades; green and b l a c k  
s p o t s  may a l s o  be p resen t .  The i n t e r -  

Green Abalone 

The s h e l l  o f  t h e  green aba lone i s  
o v a l ;  i t s  average l e n g t h  i s  175mm 
(maximum 250 mm). The s h e l l  e x t e r i o r  
i s  o l i v e - g r e e n  t o  red-brown and regu-  
l a r  i n  f o r m  and s c u l p t u r e  w i t h  f i n e  
s p i r a l  r i b s .  The s h e l l  s u r f a c e  i s  
o f t e n  overgrown w i t h  e n c r u s t i n g  i n v e r -  
t e b r a t e s  and a lgae.  The c i r c u l a r  
r e s p i r a t o r y  a p e r t u r e s  a r e  about 5  mm 
i n  d iamete r  and s l  i g h t l y  r a i s e d ;  usu- 
a l l y  f i v e  t o  seven a r e  open. The 
s h e l l  i n t e r i o r  i s  smooth and s t r o n g l y  
i r i d e s c e n t ,  h a v i n g  deep green, b l u e ,  
and l avender  shades and some b l a c k  
spo ts .  A  p rominen t ,  c e n t r a l ,  
c o l u m e l l a r  musc le  s c a r  i s  p r e s e n t ;  t h e  
s h e l l  i s  c o n s i d e r e d  t o  be t h e  most 
b e a u t i f u l  o f  a l l  abalones.  

The ep ipod ium o f  t h e  green aba- 
l o n e  i s  o l i v e  green w i t h  patches of 
brown. I t  i s  s c a l l o p e d  a l o n g  t h e  edge 
and sma l l  t u b e r c u l a t i o n s  g i v e  i t  a  
rough,  f r i l l e d  s u r f a c e .  E p i p o d i a l  
t e n t a c l e s  a r e  g r a y i s h  green, s h o r t ,  
and t h i c k ,  and p r o j e c t  s l i g h t l y .  

Red Abalone 

The r e d  aba lone i s  t h e  l a r g e s t  o f  
t h e  abalones.  The average s h e l l  
l e n g t h  i s  about 220 mm (maximum 292 
mm). U s u a l l y ,  t h r e e  t o  f o u r  r e s p i r a -  
t o r y  pores  a re  open a long  t h e  s i n i s -  
t r a l  marg in  o f  t h e  s h e l l  a t  a g i v e n  
t ime .  The o u t l i n e  o f  t h e  pores a r e  
o v a l  and t y p i c a l  l y  s l  i g h t l y  e l e v a t e d .  
The s h e l l  e x t e r i o r  i s  commonly lumpy, 
i r r e g u l a r ,  and red .  The redness i s  
c o n f e r r e d  by r e d  a l g a e  i n  t h e  d i e t .  
The o s t r a c a l  s h e l l  l a y e r  i s  t y p i c a l l y  
d u l l  b r i c k  r e d  (Cox 1962).  I f  r e d  
aba lone feed  on brown r a t h e r  than  r e d  
algae, t h e  s h e l l  c o l o r s  range  f r o m  
w h i t e  t o  cream t o  green, depending on 

i o r  bea rs -  a  l a r g e ,  ' p rom inen t ,  c e n t r a l  
c o l u m e l l a r  musc le  s c a r  w i t h  rough t e x -  
t u r e .  The o u t e r  l i p  o f  t h e  s h e l l  
ex tends  ove r  an i n n e r  nacreous s u r f a c e  
fo rm ing  a  r i m  ( r e d  i f  t h e  aba lone has 
been f e e d i n g  on r e d  a l g a e ) .  

The ep ipod ium and l a t e r a l  p o r t i o n  
o f  t h e  f o o t  a re  smooth and u s u a l l y  
b l a c k ;  however, t h e  ep ipod ium o f  a  
second p r o m i n e n t  phenotype has a l t e r -  
n a t  i n g  d a r k  and 1  i g h t  v e r t i c a l  ba rs .  
The edge o f  t h e  ep ipod ium i s  s c a l -  
loped;  b l a c k  e p i p o d i a l  t e n t a c l e s  can 
be ex tended beyond t h e  edge o f  t h e  
s h e l l .  I n  some i n d i v i d u a l s ,  t h e  upper  
edge o f  t h e  ep ipod ium i s  w h i t e .  The 
ep ipod ium p r o t r u d e s  beyond t h e  edge o f  
t h e  s h e l l  when t h e  an imal  i s  e i t h e r  
r e l a x e d  o r  f e e d i n g .  

L IFE HISTORY 

Spawning and M a t u r a t i o n  

Abalones 1  ack e v i d e n t  sexua l  
d imorph ism and a r e  d i o e c i o u s ,  broad-  
c a s t  spawners. The sex o f  ma tu re  
specimens can be de te rm ined  by  gonadal  
c o l o r  (Cox 1962; L e i g h t o n  and Booloo-  
t i a n  1963; M o t t e t  1978).  T h e t e s t i s  
i s  u s u a l l y  w h i t e ,  ye l low-cream,  o r  
be ige ;  t h e  o v a r i a n  t i s s u e  i s  da rk  
g reen  i n  b l a c k  and r e d  aba lones and 
t h e i r  l a r v a e  a r e  c o n s p i c u o u s l y  green.  
The green aba lone  has b rown ish -g reen  
o v a r i a n  t i s s u e  and produces brown 
eggs. Immature gonads a r e  brown o r  
b r o w n i s h - g r a y  - -  t h e  c o l o r  o f  t h e  
h e p a t i c  t i s s u e .  

Gonadal h i s t o l o g y  has been 
d e s c r i b e d  f o r  t h e  b l a c k  aba lone by  
B o o l o o t i a n  e t  a l .  (1962) ;  f o r  t h e  
g reen  aba lone  by  S e v i l l a  e t  a l .  (1965) 
and T u t s c h u l t e  (1976); and f o r  t h e  r e d  



abalone by  Young and DeMart i n  i (1970) .  
A l l  t h r e e  s p e c i e s  a r e  h i s t o l o g i c a l l y  
s i m i l a r  and t h e r e  i s  no ev idence  o f  
sex r e v e r s a l .  Acco rd ing  t o  Le i g h t o n  
(1968)  and A u l t  (19821, m a t u r a t i o n  o f  
t h e  gonads depends l a r g e l y  on t h e  
q u a l i t y  and q u a n t i t y  o f  a v a i l a b l e  
food, and t o  a  l e s s e r  e x t e n t  on 
t e m p e r a t u r e  ( w i t h i n  c e r t a i n  1  i m i t s ) .  
Seasonal changes i n  t h e  a v a i  1  a b i  1  i t y  
o f  f ood  may d e t e r m i n e  t h e  p e r i o d  o f  
gamete p r o d u c t  i on  ( B o o l o o t  i an  e t  a1 . 
1962).  Low f o o d  i n t a k e ,  combined w i t h  
s e a s o n a l l y  l ow  ambient wa te r  tempera- 
t u r e s ,  may cause subop t ima l  gamete 
development (Young and D e M a r t i n i  1970; 
G i o r g i  and D e M a r t i n i  1977; A u l t  1982) .  
A l l  t h r e e  s p e c i e s  o f  abalones 
desc r  i bed  he re  spawn p r i m a r  i l y  i n  
s p r i n g  and e a r l y  summer. 

B lack  abalone. A1 though b l a c k  
aba lone u s u a l l y  spawn i n  l a t e  s p r i n g  
and e a r l y  summer i n  b o t h  c e n t r a l  
C a l i f o r n i a  ( B o o l o o t i a n  e t  a l .  1962) 
and s o u t h e r n  C a l i f o r n i a  ( L e i g h t o n  and 
B o o l o o t i a n  19631, a  minor  second p u l s e  
o f  spawning i n  e a r l y  f a 1  1  was r e p o r t e d  
i n  c e n t r a l  C a l i f o r n i a  b y  Webber and 
Giese (1969) .  Most b l a c k  aba lone 
l o n g e r  t h a n  44 mm were s e x u a l l y  ma tu re  
nea r  P o i n t  Dume i n  s o u t h e r n  C a l i f o r n i a  
( L e i g h t o n  and B o o l o o t  i an  1963) .  Game- 
t o g e n e s i s  i s  begun imned i a t e l y  a f t e r  
spawning i s  comple ted (Webber and 
Giese 1969).  

Green abalone. Green aba lone 
spawn f r o m  A p r i l  t h r o u g h  October  i n  
Cal  i f o r n i a  c o a s t a l  wa te rs  ( L e i g h t o n  
1979; L e i g h t o n  e t  a l .  1981; T u t s c h u l t e  
and Conne l l  1981) and as f a r  s o u t h  as 
Ensenada and Cedros I s l a n d  i n  Mex ico 
( S e v i l l a  e t  a l .  1965; C o t a  1970).  
Green aba lone o f f  San ta  C a t a l  i n a  
I s l a n d  may spawn t w i c e  a  y e a r  ( T u t -  
s c h u l t e  1976) .  They ma tu re  s e x u a l l y  a t  
5  t o  7  y e a r s  of age a t  l e n g t h s  of  8 0  
t o  120 mm ( T u t s c h u l t e  and C o n n e l l  
1981).  I n  1  a b o r a t o r y  exper iments ,  
g reen  aba lone became sexua l  l y  ma tu re  
and produced v i a b l e  l a r v a e  as e a r l y  as 
1.5 y e a r s  and l e n g t h s  o f  40 t o  50 mm 
( L e i g h t o n  e t  a l .  1981). I n  C a l i f o r n i a  
c o a s t a l  waters ,  i n d i v i d u a l  g reen  aba- 

l o n e  may produce f r o m  100,000 t o  6  
m i l l i o n  eggs pe r  spawn ( T u t s c h u l t e  
1976) .  

Red abalone. Peak spawning o f  
r e d  aba lone i n  t h e  n o r t h e r n  p o r t  i on  o f  
t h e i r  range  c o i n c i d e s  w i t h  s p r i n g  
b e n t h i c  brown a l g a l  blooms. I n  
n o r t h e r n  Cal i f o r n  i a ,  t h e  spawn i n g  
season ex tends  f rom A p r i l  t h r o u g h  J u l y  
( G i o r g i  and D e M a r t i n i  1977; A u l t  
1982).  I n  s o u t h e r n  C a l i f o r n i a ,  t h e y  
may spawn t w i c e  a n n u a l l y  ( P r i c e  1974) .  
Abalone l i v i n g  i n  t h e  same e n v i r o n -  
ments have r e l a t i v e l y  u n i f o r m  and 
s i m i l a r  gonadal  development.  Most r e d  
aba lone i n  n o r t h e r n  Cal i f o r n  i a  become 
s e x u a l l y  ma tu re  when s h e l l  l e n g t h  i s  
about  100 mm ( G i o r g i  and D e M a r t i n i  
1977).  Abalone spawning f o r  t h e  f i r s t  
t i m e  may produce o n l y  a  few thousand 
eggs, b u t  o l d e r  females  may y i e l d  up 
t o  6  m i l l i o n  eggs ( G i o r g i  and DeMar- 
t i n i  1977; A u l t  1982) .  Red aba lone 
r e a r e d  i n  t h e  l a b o r a t o r y  became sexu- 
a l l y  ma tu re  and y i e l d e d  v i a b l e  l a r v a e  
when about 4 0  mm long.  Under optimum 
l a b o r a t o r y  c o n d i t i o n s ,  t h e  f e c u n d i t y  
o f  i n d i v i d u a l  aba lone can be doub led  
( A u l  t 1982).  Gametogenesis o f  c o a s t a l  
r e d  aba lone i s  begun immed ia te l y  a f t e r  
spawning and may he comple ted w i t h i n  4  
months ( A u l t  1982).  Female r e d  
aba lone f i r s t  spawn i n  t h e i r  t h i r d  o r  
f o u r t h  y e a r  o f  1  i f e  and may c o n t i n u e  
t o  spawn f o r  as l o n g  as 1 0  yea rs .  
N e c r o s i s  o f  ova i s  suspected i n  g e r i a -  
t r i c  f ema les  (Young and D e M a r t i n i  
1970; G i o r g i  and D e M a r t i n i  1977) .  
I n s u f f i c i e n t  n u t r i t i o n  i n h i b i t s  egg 
p r o d u c t i o n  and i n  ex t reme cases t h e  
eggs may be r e s o r b e d  ( G i o r g i  and 
D e M a r t i n i  1977).  

L a r v a l  D e v e l o ~ m e n t  

L a r v a l  development o f  t h e  aba- 
l o n e s  i s  we l l -documented ( L e i g h t o n  
1974) .  Because t h e  s p e c i f i c  g r a v i t y  
o f  spawned eggs i s  g r e a t e r  t h a n  t h a t  
o f  sea water ,  t h e  eggs s i n k  t o  t h e  
bot tom. Upon f e r t i l i z a t i o n ,  a  mem- 
b rane  forms and 1  a r v a l  d e v e l  opment 
beg ins .  The r a t e  o f  embryon ic  deve lop -  
ment depends on  tempera tu re .  Trocho-  



p h o r e  l a r v a e  h a t c h  i n  1 0  t o  72 hou rs  
when t h e  eggs a r e  r e a r e d  a t  w a t e r  
t e m p e r a t u r e s  o f  1 2  t o  20 OC. Larvae  
a r e  1  e c i  t h o t r o p h i c .  Trochophores and 
v e l i g e r s  a r e  most abundant nea r  t h e  
s u r f a c e  o f  t h e  water .  

P i g m e n t a t i o n  o f  v e l a r  and v i s -  
c e r a l  p o r t i o n s  o f  t h e  l a r v a e  may 
p r o v i d e  d i s t i n c t i v e  f e a t u r e s  f o r  
r e c o g n i t i o n  of  some spec ies .  P igments  
d e r i v e d  f r o m  p a r e n t a l  y o l k  appear t o  
be r e t a i n e d  by  t r o c h o p h o r e  and v e l  i g e r  
l a r v a e  of H a l i o t i s  ( L e i g h t o n  1972).  
I n  t h e  l a b o r a t o r y ,  v e l i g e r s  s e t t l e  on 
t h e  s u b s t r a t e  when t h e y  a r e  5 t o  14  
days o l d .  S e t t l  i n g  o f  p o s t l a r v a e  on 
c o r a l  1  i n e  r e d  a l g a e  can be induced b y  
substances r e l e a s e d  i n  t h e  w a t e r  b y  
t h e  a l g a e  (Morse e t  a l .  1979).  
Metamorphosis i n t o  j u v e n i l e s  r e q u i r e s  
i n d i v i d u a l  c o n t a c t  w i t h  r e d  a l g a e  
(Morse e t  a l .  1980), y e t  t h e r e  i s  some 
ev idence  t h a t  s e t t l i n g  i s  a  random 
phenomenon. S e t t l e m e n t  ( t h e  c r a w l i n g  
s t a g e )  marks t h e  end o f  l a r v a l  l i f e .  

P o s t l a r v a e  and J u v e n i l e s  

P o s t l a r v a e  a re  t h e  s e t t l e d  young 
up t o  10 mm long.  They a r e  c h a r a c t e r -  
i z e d  by t h e  l o s s  o f  t h e  v e l a r  c i l i a  
and operculum, and t h e  pronounced 
development o f  t h e  f o o t  and s h e l l  
( L e i g h t o n  1974; M o t t e t  1978).  A f t e r  2  
weeks, t h e  p o s t l a r v a e  l e a v e  t h e  
c o r a l 1  i n e  a l g a  on wh ich  t h e y  have 
s e t t l e d  and a t t a c h  t o  rocks ,  e s p e c i -  
a l l y  i n  c r e v i c e s  (Cox 1962).  The 
p o s t l a r v a e  have a  w e l l - d e v e l o p e d  
r a d u l a  ( r a s p i n g  t o o t h  s t r u c t u r e )  f o r  
f e e d i n g  on b a c t e r i a  and d ia toms  t h a t  
grow as a  f i l m  on t h e  s u b s t r a t e .  Once 
t h e y  have s t a r t e d  t o  feed,  t h e y  b e g i n  
t o  d e p o s i t  t h e  p e r i s t o m a l  s h e l l  around 
t h e  l i p  o f  t h e  l a r v a l  s h e l l  a p e r t u r e .  
The s h e l l  i s  depressed and grows i n  
t h e  f o r m  o f  an e q u i a n g u l a r  s p i r a l .  
New s h e l l  m a t e r i a l  i s  d e p o s i t e d  t o  a  
g r e a t e r  e x t e n t  on t h e  r i g h t  s i d e  o f  
t h e  a p e r t u r e ,  p r o d u c i n g  a  s h e l l  w i t h  a  
r i g h t - h a n d e d  whor l .  The s p i r a l  
becomes f l a t t e n e d  and t h e  s h e l l  
becomes ear-shaped ( H a l i o t i s  = sea 
e a r ) ,  a  f o r m  w e l l  s u i t e d  f o r  c l i n g i n g .  

Sensory  t e n t a c l e s  have two 
c i l i a r y  l obes  t h a t  c r e a t e  wa te r  c u r -  
r e n t s  ove r  t h e  c t e n i d i a  and e p i p o d i a l  
t e n t a c l e s ,  wh ich  f u n c t i o n  as chemo- 
senso ry  and t a c t  i l e - s e n s o r y  s t r u c -  
t u r e s .  When p o s t l a r v a e  a r e  1 t o  3  
months o l d  and t h e  s h e l l  i s  about  2  mm 
long,  t h e  f i r s t  r e s p i r a t o r y  p o r e  forms 
(Cox 1962) as t h e  m a n t l e  s e p a r a t e s  
a l o n g  t h e  s i n i s t r a l  marg in  o f  t h e  
s h e l l  open ing  and c r e a t e s  a  n o t c h  
( L e i g h t o n  1972 1. As g rowth  proceeds, 
o l d  po res  a r e  c l o s e d  and new ones a r e  
formed one a t  a  t i m e  a l o n g  t h e  g row ing  
m a r g i n  o f  t h e  she1 1. When t h e  aba lone 
i s  about 10  mm l o n g  - -  now a  j u v e n i l e  
- -  i t  b e g i n s  f e e d i n g  l a r g e l y  on 
macroalgae, and t o  a  much l e s s e r  
e x t e n t  on m i c r o f l o r a  (Cox 1962; 
L e i g h t o n  and B o o l o o t  i an  1963; M o t t e t  
1978). Abalones a r e  seldom seen i n  
t h e  open u n t i l  t h e y  a r e  75 t o  100 mm 
l o n g  (Cox 1962) .  

H a b i t a t  

P o s t l a r v a e ,  j u v e n i l e s ,  and a d u l t s  
r e q u i r e  h a r d  s u b s t r a t e  f o r  a t tachment .  
The t y p e  and e x t e n t  o f  r o c k y  b o t t o m  
m a t e r i a l s  1  a r g e l y  d e t e r m i n e  aba lone 
abundance. Opt imum h a b i t a t  c o n s i s t s  
o f  v a r i o u s  c o m b i n a t i o n s  o f  ledges,  
cu tbacks ,  d e p r e s s i o n s  i n  s tones,  
b o u l d e r  p i l e s ,  and o t h e r  ha rd  s u r f a c e s  
where f o o d  i s  abundant. D i f f e r e n t  
m i c r o h a b i  t a t s  a r e  necessa ry  f o r  t h e  
g r o w t h  and s u r v i v a l  o f  aba lones o f  
d i f f e r e n t  s i z e s  and ages, as a r e  an 
abundance o f  p a r t i c u l a r  a l g a e  s p e c i e s  
f o r  food. 

B l a c k  aba lone  l i v e  p r i m a r i l y  i n  
t h e  r o c k y ,  m i d - i n t e r t i d a l  zone. Spe- 
c imens l a r g e r  than  90 mm t e n d  t o  be 
s e d e n t a r y  and 1  i v e  under and on t h e  
s i d e s  o f  l a r g e  r o c k s  and i n  c r e v i c e s .  
S m a l l e r  ( c  90  mm) b l a c k  aba lone l i v e  
p r i m a r i l y  under  b o u l d e r s  and i n  c r e v i -  
ces. They move about more t h a n  t h e  
l a r g e r  an imals ,  p resumably  i n  sea rch  
o f  food.  The i n t e r t i d a l  d i s t r i b u t i o n  
o f  t h e  spec ies  p red isposes  i t  t o  l e s s  
p r e d a t i o n  f r o m  mar ine  p r e d a t o r s  b u t  t o  
more p r e d a t i o n  f r o m  t e r r e s t r i a l  p reda-  
t o r s  ( M o r r i s  e t  a l .  1980).  



Green aba lone  a r e  most abundant 
a l o n g  r o c k  head lands f rom t h e  low 
i n t e r t i d a l  zone t o  a  s u b t  i d a l  d e p t h  o f  
about  15 m. Headlands a r e  exposed t o  
h i g h  wave and c u r r e n t  t u r b u l e n c e  and 
aba lones t h e r e  a r e  c o n c e n t r a t e d  i n  
c r e v i c e s .  The lower  d e p t h  l i m i t s  o f  
aba lones a r e  governed by  t h e  s e v e r i t y  
o f  t h e  wave a c t i o n ,  b y  t h e  a v a i l a b i l -  
i t y  of d r i f t i n g  r e d  a l g a e  f o r  f o o d  
( T u t s c h u l t e  1976),  and s u i t a b l e  wa te r  
t empera tu res  ( L e i g h t o n  1974; L e i g h t o n  
e t  a l .  1981).  J u v e n i l e s  a l s o  a r e  
abundant i n  areas where a d u l t s  a r e  
abundant,  e s p e c i a l l y  i n  w a t e r s  w i t h  
s t r o n g  c u r r e n t s  and i n  c r e v i c e s  where 
c o r a l  1  i n e  a l g a e  t h r i v e .  P o s t l a r v a e  
s e t t l e  g r e g a r i o u s l y  among a d u l t s  
( T u t s c h u l t e  1976; Morse e t  a l .  1980) .  
Most of t h e  o l d e r  j u v e n i l e s  and a d u l t  
g reen  aba lone move f r e q u e n t l y  i n  
sea rch  o f  f o o d  and p r o t e c t i o n  
( T u t s c h u l  t e  1976).  

I n  n o r t h e r n  Cal i f o r n  i a ,  r e d  aba- 
l o n e  1  i v e  i n  t h e  l o w e r  i n t e r t i d a l  
zone, t o  a  d e p t h  o f  about  6  m (J.D. 
DeMart i n  i pers .  comm. 1. I n  s o u t h e r n  
Cal i f o r n  i a  t h e y  1  i v e  s u b t  i d a l  l y  o u t  t o  
dep ths  o f  4 0  m ( L e i g h t o n  1968) b u t  i n  
n o r t h e r n  Cal  i f o r n  i a  aba lones 1  onger  
t h a n  75 mm l i v e  i n  c r e v i c e s ,  under  
1  a r g e  bou lde rs ,  and on exposed bedrock 
where sea o t t e r s  (Enhydra l u t r i s )  
a r e  scarce.  Smal l  e r  r-1 o n e e  
c r y p t i c ,  a t  l e a s t  d i u r n a l l y .  Red 
aba lone  up t o  20 mm l o n g  commonly l i v e  
under  c l e a n  b o u l d e r s  w i t h  veneers  o f  
i n a r t i c u l a t e  c o r a l  1  i n e  a lgae .  Red 
aba lone up t o  80 mm l o n g  commonly l i v e  
i n  c r e v i c e s .  The seams, cu tbacks  and 
ledges  i n  r o c k  f a c e s  where a l g a e  a r e  
abundant p r o v i d e  o p t  imal h a b i t a t  f o r  
r e d  aba lone (J.D. D e M a r t i n i ,  Humboldt 
S t a t e  U n i v e r s i t y ,  C a l i f o r n i a ,  pe rs .  
co rn .  1. Red aba lone seek l o c a t  i ons  
where f o o d  i s  abundant and r e l a t i v e l y  
easy t o  cap tu re .  The l a r g e s t  s p e c i -  
mens t e n d  t o  l i v e  i n  t h e  c h o i c e  l o c a -  
t i o n s  (J.D. D e M a r t i n i ,  pe rs .  comm.). 
Some aba lone a re  r e 1  a t  i v e l y  i n a c t i v e  
and do n o t  f o r a g e  u n l e s s  t h e y  a r e  
u n a b l e  t o  c a t c h  s u f f i c i e n t  d r i f t  
a lgae;  t h e y  t h e n  fo rage  m o s t l y  among 
k e l p  s tands.  

GROWTH CHARACTERISTICS 

The g rowth  r a t e s  of  t h e  t h r e e  
aba lone s p e c i e s  a r e  r e 1  a t  i v e l y  u n i f o r m  
d u r i n g  t h e i r  f i r s t  few y e a r s  ( L e i g h t o n  
1974). The l e n g t h  o f  most  aba lone  
i s  1 t o  3  mm a t  t h e  end o f  3 months, 
about  20 mm a t  t h e  end of t h e  f i r s t  
y e a r  o f  1  i f e ,  and 75 t o  100 mm b y  t h e  
end o f  t h e  t h i r d  t o  f o u r t h  yea r .  
Growth i n  g i r t h  and w e i g h t  i n c r e a s e  as 
l e n g t h  i nc reases .  B lack  aba lone  a r e  
r a r e l y  l o n g e r  t h a n  175 mm, and t h e  
maximum l e n g t h  f o r  r e d  aba lone i s  
about  290 mm. 

I n  s o u t h e r n  C a l i f o r n i a  t h e  ave r -  
age annual g r o w t h  r a t e  o f  t h e  b l a c k  
aba lone i s  abou t  20 mm ove r  t h e  f i r s t  
4  t o  5  y e a r s  of l i f e  ( L e i g h t o n  and 
B o o l o o t  i a n  1963) .  I n  1  a b o r a t o r y  
exper imen ts ,  g reen  aba lone were as 
l o n g  as 30 mm b y  t h e  end of  t h e i r  
f i r s t  y e a r  of l i f e  ( L e i g h t o n  e t  a l .  
1981).  Tagged j u v e n i l e  r e d  aba lone  
grew up t o  48 mm i n  1 y e a r  i n  c e n t r a l  
Ca l  i f o r n i a  (Cox 1962) .  

Growth r a t e s  o f  aba lones 
f l u c t u a t e  w i t h  t h e  seasonal  abundance 
o f  k e l p s  (Cox 1962; L e i g h t o n  and Boo- 
l o o t i a n  1963).  Growth i s  r a p i d  d u r i n g  
t h e  summer, when brown macroa lgae  a r e  
most abundant.  D i f f e r e n c e s  i n  g rowth  
r a t e s  a l s o  may r e f l e c t  t h e  d i f f e r e n -  
t i a l  n u t r i e n t  qua1 i t y  o f  t h e  a v a i l a b l e  
a l g a e  ( L e i g h t o n  1972).  I n  w i n t e r  
a l o n g  t h e  n o r t h  c o a s t  o f  C a l i f o r n i a ,  
aba lones may l o s e  w e i g h t  because o f  
t h e  p a u c i t y  of  brown a l g a e  f o r  food.  
I n  n o r t h e r n  C a l i f o r n i a ,  about  80% o f  
t h e  annual  g r o w t h  o f  r e d  aba lone  i s  
d u r i n g  peak a l g a l  p r o d u c t i o n  i n  summer 
and f a l l  (J.D. DeMar t in i ,  pe rs .  comm.). 

A c c o r d i n g  t o  Hansen (19701, t h e  
r a t e  of s h e l l  g r o w t h  s lows o r  s t o p s  
d u r i q g  p e r i o d s  of a c c e l e r a t e d  gonadal  
growth,  b u t  more r e c e n t  s t u d i e s  on r e d  
aba lone i n  t h e  l a b o r a t o r y  i n d i c a t e  
t h a t  s h e l l  g r o w t h  and gonadal  
m a t u r a t i o n  may be s imu l taneous  ( A u l  t 
1982).  Gonadal development i s  f a s t e s t  
when t h e  d i e t  c o n s i s t s  o f  g i a n t  k e l p  
( L e i g h t o n  1968) o r  b u l l  k e l p  ( A h l t  
1982) .  
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Only a  sma l l  percentage o f  
abalones grow f a s t .  Under op t ima l  
c o n d i t i o n s  i n  a  l a b o r a t o r y  c u l t u r e ,  
some j u v e n i l e  r e d  and green abalone 
grow as much as 50 mm i n  one year  
( Le i gh ton  e t  a l .  1981; J. McMullen, 
P o r t  Huememe, Cal i f o r n i a ,  pers.  
comm. ) ; however, t h e  average i s  near 
25 mm i n  t h e  sea. 

THE FISHERY 

For comparison, t h e  commercial 
ca t ch  da ta  f o r  abalone are compi led 
sepa ra te l y  f o r  sou thern  C a l i f o r n i a  
(Mexican border  t o  P o i n t  Conception, 
Santa Barbara County, i n c l u d i n g  t h e  
Channel I s l a n d s ) ;  c e n t r a l  Cal i f o r n i a  
( f r om  P o i n t  Concept ion t o  San 
Franc isco,  i n c l u d i n g  t h e  F a r a l l o n  
I s l a n d s ) ;  and n o r t h e r n  C a l i f o r n i a  
( n o r t h  o f  San F ranc i sco  t o  t h e  Oregon 
bo rde r ) .  

Commercial F i s h e r y  

Annual commercial l and ings  o f  
abalones have dec l  i ned  f rom 4.6 m i  1- 
l i o n  pounds i n  1966 t o  a  low of 1 
m i l l i o n  pounds i n  1979 (Tab le  1 ) .  The 
f o o t  meat of t h e  abalones i s  a  h i g h l y  
p r i z e d  de l i cacy ,  noted f o r  i t s  r i c h  
f l a v o r .  Commercial p rocess ing  common- 
l y  i n vo l ves  sepa ra t i on  of t h e  body 
from t h e  s h e l l ;  t h e  v i s c e r a  and dark 
p o r t i o n s  o f  t h e  epipodium are trimmed, 
and t h e  rema in ing  1  i g h t  meat i s  s l  i ced  
and pounded i n t o  s teaks.  The dorsum 
of t h e  s h e l l s  i s  sometimes cleaned 
w i t h  a  s t r o n g  ac id ;  and t h e  whole 
s h e l l  i s  then used as an ornament, o r  
broken i n t o  sma l l e r  s e c t i o n s  and 
p o l  i shed  f o r  j ewe l r y .  Dw ind l i ng  
s u p p l i e s  have g i ven  t h i s  p r i z e d  
mo l lusk  t h e  d i s t i n c t i o n  o f  be i ng  
t h e  h i ghes t  p r i c e d  d o m e s t i c a l l y  p ro -  
duced seafood i n  t h e  Un i t ed  States.  
H i s t o r i c a l l y ,  most o f  t h e  commercial 
ca t ch  cons i s t ed  o f  r ed  abalone taken  
f r om  c e n t r a l  Cal i f o r n i  a  coas ta l  waters  
between Cape San M a r t i n  (Monterey 
County) and A v i l a  (San L u i s  Obispo 
County) ; however, commerci a1 1  and ings  
o f  r e d  abalone i n  c e n t r a l  Cal i f o r n i a  

Table 1. Commercial abalone l a n d i  nqs 
and ex-vgssel va lue i n  c a l  i f o r n i a ,  
1965-.I982 . 

Thousandsb Thousands 
Year o f  pounds o f  d o l l a r s  

'1ncl udes l and ings  o f  b lack,  green, 
red, p ink,  wh i te ,  threaded, p i n t o ,  
and f l a t  abalones. (No da ta  f o r  
1980). 

b ~ r o m  C a l i f o r n i a  Mar ine  Annual F i s h  
Landings. B u l l e t i n s  o f  t h e  C a l i  f o r -  
n i a  Department o f  F i s h  and Game. 

' ~ r e l  im ina r y  data. 

have dec l i ned  p a r t l y  because o f  t h e  
expansion o f  t h e  range o f  t h e  h i g h l y  
p reda to r y  sea o t t e r  i n t o  o l d  es ta -  
b l  i shed  abalone grounds. The o t h e r  
abalones e . ,  p ink ,  b lack ,  green, 
and wh i t e ) ,  taken  p r i m a r i l y  f rom 
sou thern  Cal i f o r n i a ,  now make up two- 
t h i r d s  t o  t h r e e - f o u r t h s  o f  t h e  s t a t e  
abalone ca t ch  (Tab le  2 ) .  Commercial 
f i s h i n g  f o r  abalones i s  banned n o r t h  
o f  San Franc i sco. 

The commercial f i s h e r y  i n  
sou thern  C a l i f o r n i a  i s  r e g u l a t e d  by a  
s p l i t  season ( c l osu res  d u r i n g  February 
and August)  and by s i z e  1  im i t s .  
F i s h i n g  i s  r egu la ted  by l i m i t e d  en t r y .  
Comerc i a l  d i v e r s  are r e s t r i c t e d  by 
t ypes  o f  gear, d i v i n g  depth, and area 



Table 2. Annual commercial landings (pounds) o f  black, green, and red  
abalones a t  major po r t s  o f  e n t r y  from 1972 t o  1982a. (No data f o r  1980). 

Centra l  Southern 
C a l i f o r n i a  C a l i f o r n i a  

San Santa Los San 
Year Species Francisco Monterey Barbara Angeles Diego Tota l  

Bl ack 
Green 
Red 

Black 
Green 
Red 

Black 
Green 
Red 

Black 
Green 
Red 

Black 
Green 
Red 

Black 
Green 
Red 

Black 
Green 
Red 

Black 
Green 
Red 

Black 
Green 
Re d 

Black 
Green 
Re d 

' ~ r o m  Cal i f o r n i a  Marine Annual F i sh  Landings, B u l l e t i n s  o f  the  C a l i f o r n i a  
Department o f  F i s h  and Game. 

b 
Pre l  i rninary data. 



boundar ies .  Commercial d i v e r s  use t h e  
"hookah" system, wh ich  c o n s i s t s  o f  a  
compressor and a  su rge  tank w i t h  300 
t o  500 f e e t  of hose connected t o  a  
f u l l  f a c e  mask o r  t h e  second s t a g e  o f  
a  scuba r e g u l a t o r .  T h i s  system enab les  
more t h a n  one d i v e r  t o  o p e r a t e  f r o m  a  
vesse l  and p r o v i d e s  a  more tho rough  
i n s p e c t i o n  of  c r e v i c e s .  S i n c e  t h e  
e a r l y  1 9 5 0 ' s  t h e  commercial  d i v i n g  
f l e e t  has i nc reased  f r o m  75 v e s s e l s  t o  
about  210, an i nc rease  o f  n e a r l y  180%. 
A l though  d i v e r s  now use more e f f i c i e n t  
gear,  t h e y  h a r v e s t  o n l y  50% o f  t h e  
amount t h a t  was c o n s i s t e n t l y  landed by 
t h e  s m a l l e r  f l e e t  i n  t h e  1 9 5 0 ' s  (Bu rge  
e t  a l .  1975).  

S p o r t  F i s h e r y  

S i n c e  1965, t h e r e  has been a  400% 
i n c r e a s e  i n  t h e  number o f  r e c r e a t i o n a l  
scuij;. d i v e r s  who sea rch  f o r  aba lones 
i n  s o u t h e r n  C a l i f o r n i a ,  and a  250% 
i n c r e a s e  i n  ca tch .  The number o f  
p a r t y  b o a t s  des igned f o r  t h e  use  o f  
scuba d i v e r s  has a l s o  increased.  These 
v e s s e l s  now have s u f f i c i e n t  range t o  
t a k e  d i v e r s  t o  a l l  o f f s h o r e  i s l a n d s  i n  
s o u t h e r n  Cal i f o r n  i a. I n  c e n t r a l  and 
n o r t h e r n  C a l i f o r n i a ,  t h e r e  has been a  
more t h a n  400% i n c r e a s e  i n  sho re -  
p i c k e r s  and d i v e r s ,  and a  d o u b l i n g  o f  
t h e  s p o r t  c a t c h  f rom M a r i n ,  Sonoma, 
and Mendocino C o u n t i e s  between 1965 and 
1980. I n  c e n t r a l  C a l i f o r n i a  t h e  scuba 
season l a s t s  10  months. I n  n o r t h e r n  
C a l i f o r n i a  t h e  c a t c h  i s  r e s t r i c t e d  t o  
" f r e e "  d i v e r s  ( u s i n g  mask and s n o r k e l  
and beach combers ove r  a  s p l  i t  7-month 
season. 

The d a i  l y  possess i o n  1  i m i  t i n  
Cal i f o r n i a  i s  f o u r  aba lones o f  any 
c o m b i n a t i m  o f  spec ies .  E i g h t  
aba lones a r e  a1 lowed i n  possess ion  by  
s p o r t - d i v e r s  d e c l  a r  i n g  a  mu1 t i - d a y  
t r i p  t o  o f f s h o r e  waters .  A c c e s s i b l e  
r e d  aba lone  p o p u l a t i o n s  i n  n o r t h e r n  
C a l i f o r n i a  a r e  now a t  t h e i r  optimum 
y i e l d  f o r  s p o r t  purposes (Hardy  e t  a l .  
1980).  

Resource S t a t u s  

Abalones a r e  r a r e  i n  t h e  c o a s t a l  
wa te rs  between A v i  1  a  and Monterey,  
C a l i f o r n i a .  The resu rgence  o f  t h e  sea 
o t t e r  p o p u l a t i o n  a l o n g  t h e  c e n t r a l  
C a l i f o r n i a  c o a s t  c o i n c i d e d  w i t h  a  
s u b s t a n t i a l  r e d u c t  i on  i n  commerc ia l  
and s p o r t  c a t c h e s  f o r  aba lones.  I n  
t h e  19401s ,  t h e  200 m i l e s  o f  c o a s t l i n e  
between Mon te rey  and P o i n t  Concep t ion  
produced an annual  commercial  c a t c h  o f  
720,000 r e d  aba lone  (Bonnot 19481, b u t  
d e n s i t i e s  o f  aba lones and sea u r c h i n s  
f e l l  d r a s t i c a l l y  a f t e r  t h e  r e e s t a -  
b l i s h m e n t  o f  sea o t t e r s  i n  t h e  c o a s t a l  
w a t e r s  o f  Mon te rey  County  i n  t h e  e a r l y  
1 9 6 0 ' s  (Lowry  and Pearse 1973).  Aba- 
l o n e  s t o c k s  w i t h i n  t h e  sea o t t e r ' s  
e s t a b l  i shed r a n g e  a r e  t o o  l o w  f o r  
p r o f  i t a b l e  commercial  o r  s p o r t  
f i s h e r i e s .  The r e l a t i v e  changes i n  
aba lone  d e n s i t y  when sea o t t e r s  became 
r e e s t a b l i s h e d  i n  1970 near  P o i n t  
E s t e r o  a r e  i l l u s t r a t e d  i n  F i g u r e  3. 
T h i s  a r e a  s u p p o r t e d  a  s t r o n g  commer- 
c i a l  f i s h e r y  f rom about  1940 t o  1970 
(Hardy e t  a l .  1980).  The f u l l  impact  
o f  t h e  sea o t t e r  on aba lone f i s h e r i e s  
was s l o w  t o  be r e c o g n i z e d  b y  t h e  
pub1 i c .  Sea o t t e r s  have d e p l e t e d  t h e  
most p r o d u c t i v e  aba lone grounds and 
a r e  a  t h r e a t  t o  a1 1  aba lone  p o p u l a t i o n s  
i n  C a l i f o r n i a  (Burge e t  a l .  1975).  
A l t h o u g h  t h e  Mar i n e  Mammal P r o t e c t  i o n  
A c t  o f  1972 c a t e g o r i z e s  t h e  sea o t t e r  
as a  t h r e a t e n e d  spec ies  (Wyner e t  a1 . 
1977),  many a u t h o r i t i e s  i n  C a l i f o r n i a  
b e l i e v e  t h a t  i t  must  be c o n t a i n e d  
w i t h i n  a  r e s t r i c t e d  range  as a  
necessa ry  p r e r e q u i s i t e  t o  t h e  
d ~ v ~ l o p m e n t  o f  a v i a b l e  management 
p l a n  f o r  aba lone r e s o u r c e s  i n  
C a l i f o r n i a  (Wyner e t  a l .  1977; Hardy 
e t  a l .  1980).  

A  m e t a l  b a r  o f  about 12 i nches  i n  
l e n g t h ,  1-112 inches  wide,  and 1 / 4  
i n c h  t h i c k  i s  t h e  s t a n d a r d  commercial  
and s p o r t  d i v i n g  t o o l  used t o  c o l l e c t  
abalones.  The t o o l  i s  used t o  break 
t h e  suct ion-vacuum c r e a t e d  b y  t h e  
a b a l o n e ' s  f o o t  a g a i n s t  t h e  sub- 
s t r a t e .  I n  s o u t h e r n  and n o r t h e r n  
Cal i f o r n i a  (a reas  o u t s i d e  t h e  sea 



YEAR 
2 F i g u r e  3. Average p o p u l a t i o n  d e n s i t i e s  (number/m ) o f  r e d  

aba lone a t  P o i n t  Es t e r o ,  Cal  i f o r n i a  , 1965-1978 ( from Hardy 
e  t a1 . 1980). 

o t t e r ' s  range) ,  a  h i g h  pe rcen tage  o f  
t h e  aba lones t h a t  a re  removed f r o m  t h e  
s u b s t r a t e  by commercial  and 
s p o r t d  i vers ,  t h e n  r e p 1  aced because 
t h e y  a r e  found  t o  be be low l e g a l  s i z e ,  
d i e  because o f  i q j u r y  o r  improper  
r e p  1  acement. Abalones a r e  hemocoel s  , 
i.e., t h e  b l o o d  s i n u s e s  pass t h r o u g h  
t h e  f o o t .  M e t a l  p i c k i n g  b a r s  
sometimes seve r  t h e s e  b l o o d  s inuses ,  
c a u s i n g  a  l o s s  o f  b l o o d  p r e s s u r e  and 
f l u i d s .  About 50% o f  t h e  aba lones 
i n j u r e d  ( b u t  n o t  removed) b y  p i c k i n g  
b a r s  a r e  l i k e l y  t o  d i e  (Bu rge  e t  a l .  
1975).  Abalones n o t  s e c u r e l y  a t t a c h e d  
t o  t h e  s u b s t r a t e  a l s o  become easy p r e y  
f o r  f i s h e s .  Genera l  d e c l i n e s  i n  
s t a n d i n g  s t o c k s  o f  aba lones may be 
caused by c a t c h e s  o f  aba lones be low 
l e g a l  s i z e  and by  h a b i t a t  d e g r a d a t i o n  
(Hardy e t  a l .  1980) .  

I n  1984, s t u d i e s  a r e  b e i n g  con- 
d u c t e d  t o  d e t e r m i n e  t h e  f e a s i b i  1  i t y  o f  
r e a r i n g  1- t o  2 - y e a r - o l d  aba lones o f  
s e v e r a l  s p e c i e s  i n  t h e  l a b o r a t o r y  and 
t r a n s p l a n t i n g  them i n t o  s u i t a b l e  h a b i -  
t a t s  where popu 1  a t  i ons  have d e c l  ined. 
Seeding aba lone  h a b i t a t  w i t h  j u v e n i l e s  
may p r o v e  t o  be an e f f e c t i v e  means o f  

r e p o p u l a t i n g  f o r m e r l y  p r o d u c t  i ve 
wa te rs  ( L e i g h t o n  e t  a l .  1981).  

ECOLOGICAL ROLE 

Food and Feed ing  H a b i t s  

Abalones a re  h e r b i v o r e s  t h a t  feed 
l a r g e l y  on brown and r e d  a lgae,  
somewhat i n  p r o p o r t i o n  t o  i t s  
a v a i l a b i l i t y .  D e n s i t i e s  a r e  o f t e n  
h i g h  i n  l o c a t i o n s  w i t h  abundant a l g a l  
d r i f t  o r  situ k e l p s .  S t u d i e s  o f  
t h e  f o o d  and f e e d i n g  have been r e p o r -  
t e d  f o r  b l a c k  aba lone  b y  L e i g h t o n  and 
B o o l o o t  i a n  (19631, f o r  g reen  aba lone 
b y  L e i g h t o n  (1966) ,  and f o r  r e d  
aba lone b y  L e i g h t o n  (1966, 1968) and 
J.D. D e M a r t i n i  (pe rs .  comm.). 

Newly hatched aba lone  have enough 
y o l k  t o  l a s t  f o r  s e v e r a l  days.  By t h e  
t i m e  t h e  l a r v a  s e t t l e s ,  i t s  r a d u l a  has 
deve loped s u f f i c i e n t l y  t o  e n a b l e  t h e  
i n g e s t i o n  o f  m i c r o a l g a e  l e s s  t h a n  10  
m ic romete rs  long.  Abalones l e s s  t h a n  
10 mm l o n g  u s u a l l y  s u b s i s t  on a  d i e t  
o f  s e s s i l e  pennate  d ia toms  such as 
N a v i c u l a  and N i t z c h i a ,  and some 
b a c t e r  i a  ( L e  i g h t o n  1972; M o t t e t  1978).  



Smal l  aba lones ( l e s s  t h a n  5 mm l o n g )  
g r a z e  p r i m a r i l y  on b e n t h i c  m i c r o f l o r a  
( L e i g h t o n  e t  a l .  1981; O lsen  1968b). 
A l t h o u g h  sma l l  j u v e n i l e s  do n o t  f e e d  
d i r e c t l y  on k e l p ,  k e l p  beds p r o v i d e  
c r y p t i c  re fuges  t h a t  enhance s u r v i v a l  
o f  abalones.  The young o f t e n  grow 
w e l l  i n  wa te rs  u n s u i t a b l e  f o r  a d u l t s .  
A1 though  sma l l  j u v e n i l e s  p r e f e r  t o  
feed on seaweeds w i t h  t h i n  f r o n d s ,  
j u v e n i l e s  as s h o r t  as 1 cm l o n g  can 
e a t  t h e  same f o o d  as a d u l t s .  When 
k e l p  i s  sparse,  d ia toms  may f o r m  a  
l a r g e  p a r t  o f  t h e  a d u l t  d i e t .  

Coas ta l  wa te rs  i n h a b i t e d  b y  aba- 
l o n e s  o f f  C a l i f o r n i a  and B a j a  C a l i f o r -  
n i a  f l o u r i s h  w i t h  t h e  Phaeophyta 
( T a b l e  3) .  The p r o d u c t  i o n  of a l g a e  i s  
h i g h l y  seasona l  and t h e  amount o f  
a l g a e  b e i n g  consumed usua l  l y  r e f l e c t s  
i t s  a v a i l a b i l i t y  (J.D. D e M a r t i n i ,  
pers .  co rn .  ). I n  n o r t h e r n  Cal  i f o r n i a  
w a t e r s  i n  l a t e  f a l l ,  annua ls  b e g i n  t o  
d i s i n t e g r a t e  and p e r e n n i a l s  d i e  back. 
The abundance o f  f o o d  t h e n  d rops  
s h a r p l y  and remains  low u n t i l  t h e  
f o l l o w i n g  s p r i n g .  A t  t h e  same t ime ,  
t h e  g rowth  o f  t h e  aba lones d r o p  
s h a r p l y  ( L e i g h t o n  and B o o l o o t i a n  1963; 
J.D. D e M a r t i n i ,  pe rs .  comm.). 

Tab le  3. Common brown and r e d  a l g a e  ( k e l p )  i n  n e a r s h o r e  w a t e r s  o f  s o u t h e r n  
C a l i f o r n i a  ( s o u t h  o f  P o i n t  Concep t ion )  and n o r t h e r n  C a l i f o r n i a  ( P o i n t  Con- 
c e p t i o n  t o  Oregon b o r d e r ) .  

Sou the rn  C a l i  f o r n i  a  N o r t h e r n  Cal i f o r n i  a  

D i v i s i o n  Phaeophyta 
(Brown a l g a e )  
Cys t o s e i  r a  osmundacea 
Desmarest ia  1  i g u l a t a  
E g r e g i a  m e n z i e s i i  
E i  s e n i  a  a r b o r e a  
Ha l  i d r y s  d i o i c a  
L a m i n a r i a  s i n c l  a r i  i 
L. f a r l o w i i  - 

M a c r o c y s t i  s  p y r i  f e r a  
Pelagophycus p o r r a  
P te rygophora  c a l i  f o r n i c a  

D i v i s i o n  Rhodophyta 
(Red a l g a e )  

D i  v i  s i o n  Phaeophyta 
(Brown a1 gae) 
A l a r i a  m a r g i n a t a  
C o s t a r i a  c o s t a t a  
Desmares t i a  1  i g u l a t a  
D. v i  r i  d i  s  - 
Dic tyoneurum c a l  i f o r n  
E g r e g i a  m e n z i e s i  i 
Hedophyl 1  um s e s s i l e  
Lami n a r i  a  den ti gera  

i cum - 

L. s i n c l a r i i  - -  - - - - 
L e s s o n i o p s i s  l i t t o r a l i s  
- 

M a c r n c v s t i s  ~ v r i f e r a  
~ 

~ ~ 

M. i n t e g r i f o l i a  - 
N e r e o c y s t i s  1  ue tkeana  
P o s t e l  s i a  pa lmae fo rm is  
P t e r y g o p h o e  c a l  i f o r n i c a  

D i  v i s i o n  Rhodophyta 
(Red a l g a e )  
Bo t ryog lossum f a r 1  owianum 
G i  g a r t i  na  sp. 
Hymenena sp. 
T r i d a e a  sp.  
L i  t ho thamn i  on sp , 
Porphyra  sp. 
P r i o n i t i s  sp. 
Rhodymenia sp, 
Sch izymenia  sp, 



S i n c e  some s p e c i e s  o f  a l g a e  a r e  
more n u t r i t i o u s  t h a n  o t h e r s ,  somat i c  
and gonadal  g r o w t h  i s  i n f l u e n c e d  b y  
t h e  s p e c i e s  o f  a l g a e  e a t e n  ( L e i g h t o n  
1968).  The c o i n c i d e n c e  o f  gonadal  
g r o w t h  and f o o d  s u p p l y  has been 
observed f o r  b o t h  t h e  g reen  aba lone  
( L e i g h t o n  e t  a l .  1981) and t h e  r e d  
aba lone  ( L e i g h t o n  1974; A u l t  1982) .  
B o t h  ocean and h a t c h e r y - r e a r e d  a d u l t s  
can be spawned a r t i f i c i a l l y  i n  t h e  
1  a b o r a t o r y  e v e r y  month o f  t h e  y e a r  if 
s u f f i c i e n t  f o o d  i s  a v a i l a b l e .  G r a z i n g  
can be s e l e c t i v e  under  c e r t a i n  c o n d i -  
t i o n s ,  and f o o d  toughness may i n f l u -  
ence cho ice .  F o r  example, t h e  more 
r e s i l i e n t ,  denser  a l g a e  a r e  e a t e n  a t  a  
s l o w e r  r a t e  t h a n  t h e  t e n d e r  t i s s u e s  
( L e i g h t o n  1966);  however, s e l e c t i v i t y  
t e n d s  t o  d i s a p p e a r  when f o o d  i s  
sca rce .  A l t h o u g h  b i t s  o f  d r i f t  k e l p  
a r e  an i m p o r t a n t  sou rce  o f  food, 
a t t a c h e d  k e l p  a l s o  i s  eaten.  

Aba lones f e e d  by  r a i s i n g  t h e i r  
s h e l l  and e x t e n d i n g  t h e i r  ep ipod ium 
( C o x 1 9 6 2 ) .  When a  p i e c e  o f  d r i f t  
touches t h e  e p i p o d  ium, t h e  aba lone 
t u r n s  toward  t h e  f o o d  and g rasps  i t  
w i t h  t h e  h i g h l y  p r e h e n s i l e  a n t e r i o r  
l o b e s  o f  t h e  f o o t .  By c r e a t i n g  r h y t h -  
m i c a l  c o n t r a c t i o n s  o f  t h e  f o o t  t h e  
a l g a e  i s  drawn under  t h e  a n t e r i o r  h a l f  
of  t h e  f o o t  (D.L. L e i g h t o n ,  Wor ld  
Research,  I n c . ,  San D iego ,  CA; p e r s .  
obs. 1. Water c u r r e n t ,  1  i g h t ,  and 
o t h e r  s t i m u l i  a l s o  e l i c i t  f e e d i n g  
b e h a v i o r  (O lsen  1968a). 

The summer f e e d i n g  p o s t u r e  o f  
aba lones c o u l d  cause easy detachment  
when f o o d  i s  scarce.  Thus, aba lones 
a r e  commonly depressed o n t o  r o c k  
s u r f a c e s  w i t h  t h e i r  e p i p o d i a l  t e n t a -  
c l e s  ex tended  d u r i n g  w i n t e r .  These 
an ima ls  f e e d  o n l y  when c o n t a c t e d  
d i r e c t l y  b y  d r i f t  a lgae.  

B l a c k  abalone. The b l a c k  aba- 
l o n e  f e e d s  m o s t l y  on brown algae, and 
t o  a  l e s s e r  e x t e n t  on r e d  a lgae.  The 
s m a l l e r  aba lones ( l e s s  t h a n  20 mm 
l o n g )  g r a z e  on d i a t o m  f i l m s  and c o r a l -  
l i n e  algae, b u t  l a r g e r  ones s u b s i s t  on 
f ragmen ts  of a l g a e  b r o u g h t  i n  by  waves 

and c u r r e n t s .  Under 1  a b o r a t o r y  c o n d i  - 
t i o n s  b l a c k  aba lone have shown a p re -  
f e r e n c e  f o r  t h e  brown a l g a  Egreg ia ,  
b u t  M a c r o c y s t i  s  produced t h e  most  
r a p i d  growth.  To some e x t e n t ,  s h e l l  
c o l o r  v a r i e s  w i t h  t h e  d i e t  ( L e i g h t o n  
1961; Olsen 1968a,b). 

Green aba lone.  Green aba lone  
e a t  brown a l g a e  p r o p o r t i o n a t e  t o  i t s  
abundance i n  t h e  a l g a l  d r i f t .  The 
1  a r g e r  brown a1 gae Macrocys t  i s and 
E g r e i a  p redomina te  i n  t h e  d i e t  

L e i g  t o n  1966) and p roduce  t h e  b e s t  7-%- 
g r o w t h  ( L e i g h t o n  1979).  However, t h e  
g reen  aba lone s t r o n g l y  p r e f e r s  t h e  r e d  
a l g a e  Gel  id ium,  P t e r o c l a d i a ,  P l o c a -  
m& and G i g a r t i n a .  Red a l g a e  a r e  
t h r e e  t i m e s  more abundant i n  t h e  d i e t  
o f  t h e  g reen  a b a l o n e  t h a n  t h e y  are i n  
t h e  a1 g a l  d r i f t  ( T u t s c h u l  t e  1976) .  

Red abalone. A d u l t  r e d  aba lone 
main1 v e a t  brown macroa laae.  J u v e n i l e s  
( l e s s -  t h a n  20 mm l o n g )  g r a z e  on d i a t o m  
f i l m s  o r  o t h e r  s e s s i l e  m i c r o s c o p i c  
p l a n t s ,  and t h e  s h e l l ' s  dorsum may be 
p i n k ,  b l u i s h - g r e e n ,  o r  w h i t e .  Pigmen- 
t a t i o n  o f  t h e  os t racum r e f l e c t s  t h e  
d i e t  i n  n a t u r e  ( L e i g h t o n  1961).  When 
r e d  a l g a e  become p redominan t  i n  t h e  
d i e t ,  e i t h e r  as consumed k e l p s  o r  as 
e p i p h y t i c  g rowths  on consumed k e l p s ,  
t h e  os t racum of t h e  aba lone  becomes 
r e d d i s h .  I n d i v i d u a l s  a1 t e r n a t e l y  f e d  
r e d  . and brown a l g a e  show a l t e r n a t e  
band ing  o f  r e d  and w h i t e .  C o l o r  
sequences i n  t h e  s h e l l s  may b e  used as 
a  k e y  t o  b o t a n i c a l  s u c c e s s i o n  i n  t h e  
home a r e a  o f  t h e  r e s p e c t i v e  an imals .  
Y e a r l y  c o l o r  sequences i n d i c a t e  g r o w t h  
r a t e  r e l a t i v e  t o  season and d i e t  
(O lsen  1968a). A t  P o i n t  C a b r i l l o ,  
Mendocino County, t h e  annual  and 
seasonal  1  v  abundant s ~ e c i e s  A1 a r i a  
mar i n a t a "  and ~esma; -ese t i a  liu 
r I i a u l a t a  accoun t  4 6 ;  . .~ . . . - .- 

more t h a n -  6 5 m h e  f o o d  observed 
b e i n g  e a t e n  (J.D. D e M a r t i n i ,  pe rs .  
corn.) .  Sou th  of San F r a n c i s c o ,  k e l p  
beds o f  M a c r o c y s t i s  and Nereo- 
c y s t i s  dominate  t h e  d i e t  ( C o x T X Z ;  
L e i q h t o n  1968).  These k e l p s  a r e  r i c h  
i n  - p r o t e i n  and c a r b o h y d r a t e s  t h a t  a r e  
h i g h l y  d i g e s t i b l e  ( L e i g h t o n  1968). 



C o m p e t i t i o n  and P r e d a t i o n  

C o m p e t i t i o n  between aba lones and 
sea  u r c h i n s  i n  r o c k y  n e a r s h o r e  w a t e r s  
i s  i n t e n s e .  The sea u r c h i n  S t r o n g y l o -  
c e n t r o t u s  f r a n c i s c a n u s  i s  d i s t r i -  
bu ted  t h r o u g h o u t  t h e  range o f  t h e  aba- 
lones.  ~ b a l o n e s  and u r c h i n s  occupy 
t h e  same genera l  h a b i t a t s  and e a t  much 
t h e  same food ( L e i g h t o n  1968), b u t  t h e  
main tenance demands o f  aba lones a r e  
t h r e e  t o  f o u r  t i m e s  g r e a t e r  t h a n  t h o s e  
o f  sea u r c h i n s  ( L e i g h t o n  1968).  The 
apparen t  n e g a t i v e  k e l p  g rowth  a f f e c t e d  
b y  u r c h i n s  d e s t r o y s  r e c r u i t i n g  sporo-  
p h y t e s  and g r e a t l y  reduces aba lone 
food p r o d u c t  i o n  ( L e i g h t o n  1966, 1968).  
Abundant sea u r c h i n s  may c o m p l e t e l y  
denude k e l p  p l a n t s .  I n  s h a l l o w  w a t e r  
where sea u r c h i n s  a r e  scarce,  k e l p  and 
o t h e r  a l g a l  g r o w t h  i s  u s u a l l y  lush.  

I n  s o u t h e r n  and c e n t r a l  C a l i -  
f o r n i a ,  t h e  s m a l l  d a r k - p u r p l e  sh r imp  
Betaeus h a r f o r d i  i s  a  commensal i n  
t h e a n t l e  c a v i t y  and t h e  m a n t l e  
groove o f  g reen  and r e d  abalones;  i t  
p o s i t i o n s  i t s e l f  w i t h  i t s  head near  
t h e  a b a l o n e ' s  mouth. The re  i s  a  
d i r e c t  c o r r e l  a t  i o n  between t h e  s i z e  o f  
t h e  aba lone and t h e  s i z e  o f  t h e  com- 
mensal sh r imp  ( M o r r i s  e t  a l .  1980).  
B o r i n g  organ isms l i v i n g  i n  c a r b o n a t e  
m a t r i c e s  o f t e n  i n f e s t  t h e  s h e l l s  o f  
abalones.  The b o r i n g  sponcje C l  i o n a  
c e l a t a  i n i t i a l l y  a t t a c k s  n e a m  
s p i r e  o f  t h e  aba lone s h e l l ,  t h e n  
r i d d l e s  t h e  h o s t ,  r e d u c i n g  t h e  s h e l l  
t o  a  f r a g i l e  s k e l e t o n  (Hansen 1970).  
A s m a l l  clam. t h e  aba lone Diddock 
( P e n i t e l  1  a  c o n i a d i  bo res  a t  ' r i g h t  
ang les  i n t o  t h e  d o r s a l  aspect  o f  t h e  
aba lone s h e l l  (Cox 1962) .  As t h e  c lam 
p e n e t r a t e s  t h e  s h e l l  and approaches 
t h e  i n n e r  s u r f a c e ,  t h e  aba lone 
s e c r e t e s  n a c r e  l o c a l l y  o v e r  t h e  i n n e r  
s u r f a c e  o f  t h e  s h e l l ,  f o r m i n g  a  
b l  i s t e r  p e a r l  (Hansen 1970) .  

The m o r t a l i t y  o f  aba lones i s  
p r o b a b l y  g r e a t e s t  i n  t h e  p l a n k t o n i c  
s tages.  Those t h a t  s u r v i v e  t o  l i v e  on 
t h e  benthos a r e  p reyed  upon b y  sea 
s t a r s ,  c rabs ,  f i s h e s ,  oc topuses,  sea 
o t t e r s ,  and man. Some a s t e r o i d s  can 

e x t e n d  t h e i r  stomachs c o m p l e t e l y  o v e r  
l a r g e  aba lones (185 mm l o n g )  and 
d i g e s t  them b y  s e c r e t i n g  g a s t r i c  
j u i c e s  t h r o u g h  t h e  r e s p i r a t o r y  po res  
o f  t h e  abalone. Abalone d i s p l a y  
a c t i v e  escape responses i n  c o n t a c t  
w i t h ,  o r  i n  p r o x i m i t y  o f ,  t h e  sea 
s t a r s  P v c n o ~ o d i  a  he1 i a n t h o i d e s  and - .  
P i  sas t e r  ochraceus (Montgomery 
196Q). Abalones a t t e m p t  t o  escape b y  
mak ing a  g a l  l o p i n g  r e t r e a t  coup led  
w i t h  r e p e a t e d  180  degree r o t a t i o n s  o f  
t h e  s h e l l .  By e x t e n d i n g  t h e  ep ipod ium 
o v e r  t h e  s h e l l  s u r f a c e  t h e  aba lone  
a p p l i e s  a  cop ious  amount o f  mucus t o  
t h e  s h e l l ,  wh ich  h e l p s  p r e v e n t  t h e  
t u b e  f e e t  o f  t h e  sea s t a r  f r o m  f a s t e n -  
i n g  t o  t h e  s h e l l  (Montgomery 1969).  
The number o f  a c t u a l  accoun ts  o f  sea 
s t a r  p r e d a t i o n  on aba lones i n  r e l a t i o n  
t o  aba lone abundance i s  so s l i g h t  t h a t  
a s t e r o i d s  a r e  p r o b a b l y  n o t  a  s e r i o u s  
t h r e a t  under  u s u a l  c o n d i t i o n s ;  how- 
ever ,  under severe  o c e a n i c  cond i  t ions,  
when aba lones a r e  p r o n e  t o  b e i n g  
i n j u r e d  b y  r o l l  i n g  bou lde rs ,  a s t e r o i d  
p r e d a t i o n  may be commonplace. The 
s h i f t i n g  o r  d i s t u r b a n c e  o f  b o u l d e r s  i n  
aba lone h a b i t a t  causes an imnedi  a t e  
b u t  usua l  l y  tempora ry  movement of most 
j u v e n i l e  and a d u l t  abalones.  

F i s h e s  and sea o t t e r s  sometimes 
c a t c h  aba lones t h a t  have r a i s e d  t h e i r  
s h e l l s  t o  c a t c h  d r i f t  a lgae.  Abalones 
may b e  d i s l o d g e d  by  a  sharp  bump f r o m  
f i s h e s  l i k e  t h e  C a l i f o r n i a  s h e e ~ h e a d .  
Semicossyphus p u l c h e r ;  cabezon, Wr- 
paenichth-YS m x m o r a t u s ;  k e l p  g r e e n -  
1  i ng ,  Hexagramnos decagrammus; k e l p  
bass, Para1 ab rax  c i a t h r a t u s ;  o r  b a r r e d  
sand bass, P. n e b u l i f e r .  They may 
a l s o  be d i s l o a a e d  bv  a  sea o t t e r  o r  a  ~ ~ 

b a t - r a y ,  ~;l i o b a t u s  c a l  i f o r n i c a ,  
w h i c h  p r i e s  them l o o s e  w i t h  t h e  l o w e r  
jaw. 

Where abundant, sea o t t e r s  a re  t h e  
m a j o r  p r e d a t o r s  o f  1  a r g e  abalones,  
p r e f e r r i n g  them o v e r  a l l  o t h e r  f o o d s  
(Hardy e t  a l .  1980; H ines  and Pearse 
1982) .  The sea o t t e r s  use r o c k s  t o  
break t h e  t o p  o f  an aba lone s h e l l ,  
e x p o s i n g  t h e  s o f t  body p a r t s .  Because 
o f  t h i s  i n t e n s e  p r e d a t i o n ,  aba lone  



popu la t i ons  a re  r e s t r i c t e d  i n  d i s t r i -  
b u t i o n  t o  c r y p t i c  m i c r o h a b i t a t s  and 
o l d e r  abalones are r e l a t i v e l y  scarce 
(Hines and Pearse 1982). Octopuses are 
capable o f  p u l l i n g  smal l  abalones f rom 
t h e  rocks, o r  d r i l l i n g  through t h e  
s h e l l  of abalones o f  a l l  s izes.  Man 
i s  a  l ong - t  ime p reda to r  on abalones 
(Cox 1962). 

ENVIRONMENTAL REQUIREMENTS 

Temperature 

The v e r t i c a l  and l a t i t u d i n a l  d i s -  
t r i b u t i o n  o f  abalones i s  most c l o s e l y  
r e l a t e d  t o  water  temperature (Cox 
1962; Le igh ton  1974). The d i s t r i b u -  
t i o n  o f  j u v e n i l e s  and a d u l t s  o f  each 
abalone species corresponds w e l l  w i t h  
thermal  to le rances  observed i n  t h e  
1 abora to ry  (Le igh ton  1974). T h e i r  
t o l e rance  increases w i t h  age. Larvae 
t h a t  have t he  b e s t  chance o f  s u r v i v a l  
l i v e  i n  wa te r ( s )  w i t h  optimum tempera- 
t u r e  and s e t t l e  i n  areas where temper- 
a t u r e  changes a re  n o t  excess ive 
(Le igh ton  1974). 

The thermal opt ima f o r o  t he  r e d  
abalone i s  between 14 and 18 C (Le igh-  
t o n  1974). The op t ima l  temperature 
f o r  egg f e r t i l i z a t i o n  i s  appa ren t l y  15 
OC (Eber t  and Hami l ton 1983). Red 
abalone eggs develop no rma l l y  w i t h i n  a 
temperature range o f  10-23 OC, b u t  
optimum l a r v a l  growth i s  a t  13.5-20'~. 
A t  18 OC, l a r v a e  s e t t l e  i n  about 5  
days. La rva l  growth i s  temperature 
dependent; o n l y  l a r vae  reared  between 
14 and 18  OC reached t he  advanced 
p o s t - l a r v a l  stages (Le igh ton  1974). 
The r e d  abaione feeds a t  temperature5 
o f  7  t o  22 C, b u t  maxJmum feed ing  
i s  between 13 and 18 C (Le igh ton  
1968). Growth was f a s t e s t  ato tempera- 
t u r e s  between 15 and 20 C and w8s 
o n l y  s l i g h t l y  l e s s  a t  12.5 C 
(Le igh ton  1974). 
I 

The b l ack  abalone i s  an i n t e r -  
t i d a l  species t h a t  l i v e s  over  a 
broader 1 a t i  t u d i n a l  range than r e d  
o r  green abalones, y e t  t he  thermal  

requi rements o f  r e d  and b lack  abalones 
a re  s i m i l a r  (Le igh ton  1974). 

La rva l  and j u v e n i l e  green abaloze 
grow and s u r v i v e  w e l l  a t  20 t o  28 C 
(Le igh ton  e t  a l .  1981), b u t  t he  
o p t i y m  temperature i s  between 18 and 
24 C (Le igh ton  1974). The t ime  
r e q u i r e d  f o r  qreen abalone l a r vae  t o  
reach t h e  s e t t  i n g  stage v a r i e s  from 
3.5 days a t  24 "C t o  12 days a t  14 "C. 
Larvae incubated a t  12 "C f a i l e d  t o  
s e t t l e  w i t h i n  2 weeks (Le igh ton  e t  a l .  
1981). Young l abo ra to r y - rea red  green 
abalone grew f a s t e s t  a t  temperatures of 
22 t o  28 "C. When p o s t l a r v a e  were 
reared a t  near  opt imal  thermal and 
feed ing  cond i t ions ,  they formed t h e  
r e s p i r a t o r y  pore i n  about h a l f  t he  t ime 
requ i r ed  by o t h e r  C a l i f o r n i a  abalones 
(Le igh ton  1974). The "notch s tage"  was 
reached i n  some rapid-growing green 
abalones w i t h i n  30 days a f t e r  f e r t i l i -  
za t i o n .  Juven i l es  usual l y  1 i v e  beneath 
rocks and i n  c rev i ces  i n  t h e  lower  
i n t e r t i d a l  zone where they a re  exposed 
t o  temperatures o f  about  12 t o  26 "C. 
I n  one experiment, t h e  growth r a t e s  o f  
juve!i l e s  i n  thermal e f f l u e n t  (22- 
28 C) were increased t w o f o l d  over  
those reared  a t  ambient temperatures 
(14-20 OC). Increases i n  s h e l l  growth 
are l i n e a r l y  dependent on temperature 
(Le igh ton  e t  a l .  1981). Green aba- 
lones grow f a s t e s t  i n  water a t  about 
26 OC. The op t ima l  thermal range f o r  
somatic growth dec l i nes  w i t h  age, 
corresponding w i t h  the  lower  tempera- 
t u res  i n  t h e  s u b l i t t o r a l  areas occu- 
p i e d  by a d u l t s  (Le igh ton  e t  a l .  1981). 

Depth 

The b lack  abalone l i v e s  h igher  i n  
t h e  i n t e r t i d a l  zone than any o the r  
C a l i f o r n i a  species. I t  ranges f rom 
t h e  m i d - i n t e r t i d a l  zone t o  about 3  m 
below mean low t i d e .  

The h a b i t a t  o f  green abalone 
u s u a l l y  extends f rom t h e  i n t e r t i d a l  
zone t o  a depth o f  about 20 m; how- 
ever, few o f  t h e  animals l i v e  below 
10 m. They are most abundant a t  
depths o f  2 t o  3 m below mean low t i d e  



i n  a reas  o f  h i g h  t u r b u l e n c e ,  s t r o n g  
surge, and s u i t a b l e  c r e v i c e  r e f u g e .  

I n  n o r t h e r n  C a l i f o r n i a , .  r e d  aba- 
l o n e  i n h a b i t  wa te r  f r o m  0  t o  3 5 m  
deep, b u t  c o n c e n t r a t e  i n  wa te r  1 t o  
6  m  deep. I n  Mor ro  Bay, c e n t r a l  
C a l i f o r n i a ,  t h e  r e d  aba lone l i v e s  i n  
i n t e r t i d a l  w a t e r s  up t o  30 m  deep 
(maximum c o n c e n t r a t i o n s  a r e  between 5 
and 17 m), and as f a r  as 2  m i l e s  o f f -  
s h o r e  i f  t h e r e  i s  abundant r o c k y  
s u b s t r a t e  and f o o d  s u p p l y  (Cox 1962) .  
Near San Diego, C a l i f o r n i a ,  r e d  
aba lone u s u a l l y  1  i v e  i n  w a t e r  8-40 m  
deep; maximum c o n c e n t r a t  i o n s  a r e  
between 12  t o  15 m. A l t h o u g h  r e d  aba- 
l o n e  a r e  r e 1  a t  i v e l y  abundant o f f  
s o u t h e r n  C a l i f o r n i a  and Mexico,  t h e y  
a r e  seldom encoun te red  a t  dep ths  l e s s  
t h a n  12  m  (Cox 19621, and a r e  u s u a l l y  
r e s t r i c t e d  t o  r o c k  bot toms 1 0  t o  30 m  
deep ( L e i g h t o n  1968) .  T h i s  d e p t h  
d i s t r i b u t i o n  c o r r e l a t e s  w i t h  an ex-  
tended p h o t  i c  zone, g e n e r a l l y  h i g h e r  
a l g a l  p r o d u c t  ion, and more s u i t a b l e  
tempera tu res  a t  g r e a t e r  depths .  

O the r  Env i ronmen ta l  Requi rements  

I n  w a t e r s  n o r t h  o f  San F r a n c i s c o ,  
aba lones occupy a  na r row c o a s t a l  band, 
r e s t r i c t e d  t o  t h e  n e a r s h o r e  w a t e r s  
where e i t h e r  d r i f t  o r  a t t a c h e d  k e l p  i s  
a v a i l a b l e  f o r  food.  A long t h e  c o a s t s  
o f  Sonoma and Mendocino C o u n t i e s  i n  
n o r t h e r n  Cal  i f o r n  i a, aba lones a r e  com- 
mon be low t h e  a l g a l  zone, e s p e c i a l l y  
a l o n g  t h e  bo t toms  o f  s u r g e  channels ,  
and a r e  n o t  a lways n e a r  a t t a c h e d  
a lgae.  The a v a i l a b i l i t y  o f  d r i f t  
mac roa lgae  v a r  i e s  d a i  ly .  Water move- 
ment i s  e s s e n t i a l  f o r  t r a n s p o r t  i n g  
f o o d  t h a t  aba lones can c a t c h  (O lsen  
1968a). Abalones i n  deep wa te r  (20-  
30 m) 1  i v e  i n  channels  s e r v i n g  as fun -  
n e l s  f o r  d r i f t  k e l p  t r a n s p o r t e d  f r o m  
s h a l  low water .  I n  s o u t h e r n  Cal  i f o r n  i a  
t h e s e  underwa te r  channe ls  bea r  a  
s t r o n g  resemblance t o  t e r r e s t r i a l  
d e s e r t  washes (J.S. A u l t ,  au tho r ,  
pers .  obs.). A long  a  c o a s t l i n e  w i t h  
a d j a c e n t  su rge  channels ,  aba lones a r e  

c h a r a c t e r i s t i c a l l y  f u r t h e r  o f f s h o r e .  
T h i s  more seaward d i s t r i b u t i o n  i s  c o r -  
r e l a t e d  w i t h  g r e a t e r  k e l p  abundance 
t h e r e ,  e i t h e r  a d r i f t  o r  a t t a c h e d  
(01  sen 1968b).  Abalones a r e  s c a r c e  
where channe ls  w iden  and c u r r e n t s  
become d i f f u s e .  

A1 though  much r o c k y  h a b i t a t  i s  
c o m o n  a l o n g  t h e  c o a s t s  o f  Humboldt 
and Del  N o r t e  c o u n t i e s  i n  t h e  ex t reme 
n o r t h  o f  C a l i f o r n i a ,  t h e s e  c o a s t l i n e s  
a r e  h i g h l y  exposed, and aba lones a r e  
s c a r c e  n o r t h  o f  She1 t e r  Cove, Humboldt 
County. I n  w i n t e r ,  o v e r l y i n g  w a t e r s  
a r e  sometimes e x c e s s i v e l y  t u r b i d  due 
t o  h i g h  f r e s h w a t e r  i n f l o w .  Unusual  l y  
l a r g e  f r e s h w a t e r  i n f l o w s  n e a r  r i v e r  
m o u t h s m a y k i l l  a l l  aba lones i n  t h e  
immediate v i c i n i t y  (Bonnot 19483. I f  
t h e  wa te r  i s  t u r b i d  t o o  l ong ,  most  
brown a l g a e  i n  wa te rs  6  m  o r  l e s s  
be low mean low  t i d e  a r e  e x c e s s i v e l y  
shaded and d i e .  I n  a d d i t i o n ,  exces-  
s i v e  exposure t o  s w e l l  and sand 
a b r a s i o n  i n h i b i t s  spo rophy te  r e c r u i t -  
ment and reduces t h e  p r o d u c t  i o n  and 
a v a i l a b i l i t y  of a lgae. The s h i f t i n g  of 
sand by  s t r o n g  b o t t o m  c u r r e n t s  some- 
t imes smothers  1  a rge  numbers o f  aba- 
l ones  (Bonnot  1948).  The deepes t  t h a t  
aba lones a r e  found n o r t h  o f  S h e l t e r  
Cove i s  about  6  m; c o n s e q u e n t l y  most  
o f  t h e i r  h a b i t a t  i s  s u b t  i d a l .  They 
i n h a b i t  even s h a l l o w e r  wa te r  i f  f o o d  
i s  abundant t h e r e .  

Abalones a r e  r e l a t i v e l y  s c a r c e  i n  
t h e  two most  n o r t h e r n  c o u n t i e s  o f  
c o a s t a l  Cal i f o r n  i a  because f o o d  and 
s u r g e  channe ls  a r e  b o t h  sca rce .  
Surveys o f f  t h e  c o a s t  o f  San D iego  and 
Santa  B a r b a r a  r e v e a l e d  t h a t  s m a l l  
r o c k s  e n c r u s t e d  w i t h  pa tches  o f  c o r a l -  
l i n e  r e d  a l g a e  f r e q u e n t l y  se rved  as 
n u r s e r y  grounds f o r  j u v e n i  l e  r e d  aba- 
l ones  and o t h e r  s p e c i e s  o f  H a l i o t i s  
(Morse e t  a l .  1980).  These a reas  a r e  
s c a r c e  i n  t h e  two n o r t h e r n m o s t  
c o u n t i e s  o f  n o r t h e r n  Cal  i f o r n  i a. 
Abalone l a r v a e  t h e r e  may have d r i f t e d  
f r o m  t h e  more p r o d u c t i v e  w a t e r s  t o  t h e  
s o u t h  (J.D. D e M a r t i n i ,  pe rs .  comm.). 
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